Introduction {#sec1}
============

Psoriasis is a common chronic inflammatory dermatological disease \[[@cit0001]\]. Due to the association with several co-morbidities such as cardiovascular disease, atherosclerosis, diabetes mellitus, obesity, psychiatric disorders and metabolic syndrome \[[@cit0002]\]; psoriasis can be now recognised as a systemic and not only a skin disorder \[[@cit0001]\]. Obesity is more commonly seen in psoriatic patients than in the general population \[[@cit0003]\], but whether obesity antedates or occurs after the development of psoriasis is unclear \[[@cit0004]\]. Obesity is known as a risk factor for incident psoriasis and can even aggravate the existing disease. In addition, weight reduction improved psoriasis in some overweight patients \[[@cit0005]\].

Angiopoietin-like protein 2 (ANGPTL2) is a glycoprotein, mainly secreted from adipose tissue \[[@cit0006]\]. Acting as a mediator of chronic inflammation; ANGPTL2 has contributed to the pathogenesis of several chronic diseases \[7--10\]; however, there are no previous studies about ANGPTL2 role in psoriasis.

Aim {#sec2}
===

The aim of the present work was to evaluate the serum level of ANGPTL2 and its possible role in the occurrence of metabolic syndrome in psoriatic patients.

Material and methods {#sec3}
====================

Ethical approval {#sec3.1}
----------------

The Research Ethics Committee, Faculty of Medicine, Benha University, Egypt, had approved this study before the proceeding of the work. Written informed consent was obtained from all participants and they were not exposed to any harmful effects. The patient's personal data were secured and not published.

Type of the study {#sec3.2}
-----------------

A cross-sectional case-control comparative study.

Material {#sec3.3}
--------

This study included 120 patients with chronic plaque psoriasis (confirmed by grattage test clinically and histopathologically if needed), and 60 healthy, age- and sex-matched controls. This study was conducted between November 2017 and April 2018.

Participants included in this study were older than 18 years of age, non-pregnant, free of chronic haematological, renal, hepatic, infectious or neoplastic diseases. Patients suffering from chronic plaque psoriasis only were included in this study; other types of psoriasis were excluded. The Psoriasis Area Severity Index (PASI) scoring formula was applied to estimate the severity of psoriasis \[[@cit0011]\]. Psoriatic patients with more than 6 months' duration and PASI score of more than eight were considered eligible for the study. The participating psoriatic patients were instructed to stop using any systemic, phototherapy or topical treatment for one month before the study.

Methods {#sec3.4}
-------

On enrolment, body mass index (BMI), waist circumference (WC) and blood pressure of all participants were recorded. BMI was estimated in weight/height^2^ (kg/m^2^). Participants were classified according to WHO guidelines into underweight (BMI \< 18.5 kg/m^2^), normal-weight (BMI = 18.5--24.9 kg/m^2^), overweight (BMI = 25--29.9 kg/m^2^) or obese (BMI ≥ 30 kg/m^2^) \[[@cit0012]\]. A mid-point between the lower borders of the rib cage and the iliac crest of the participants was used to measure WC.

To diagnose the presence of metabolic syndrome, the National Cholesterol Education Program's Adult Treatment Panel III (NCEP ATP III) revised clinical criteria were applied \[[@cit0013]\]. These criteria included five laboratory and clinical features and the presence of three of them was sufficient for a diagnosis of metabolic syndrome. The laboratory criteria included an elevation of fasting blood sugar (FBS) and serum triglycerides (more than 100 mg/dl, 150 mg/dl, respectively), and a level of serum high-density lipoprotein cholesterol (HDL-cholesterol) of less than 40 mg/dl in men and 50 mg/dl in women or receiving drug therapy for these changes. Clinical criteria were an elevation of blood pressure of more than 130/85 mm Hg or receiving antihypertensive therapy and a WC of more than 102 cm (40 inches) in men or 88 cm (35 inches) in women \[[@cit0013]\].

Laboratory investigations {#sec3.5}
-------------------------

Venous blood samples were withdrawn from the participants in the morning after an overnight fasting. After clot formation, samples were centrifuged at 2,000× g for 10 min. Routine biochemical parameters were measured on the same day. Remaining serum samples were stored at --20°C until the day on which they were analysed for the concentration of ANGPTL2.

The Frigewal's formula was used to calculate low-density lipoprotein cholesterol (LDL-cholesterol) \[[@cit0014]\], while the serum ANGPTL2 level was determined using the commercially available ELISA human monoclonal antibody kits (Clone 239829, MAB2084, R&D systems Inc., Minneapolis, MN, USA) according to the manufacturer's manuals.

Statistical analysis {#sec3.6}
--------------------

The independent *T*-test was used to compare the numerical data of normally distributed variables, while categorical variables differences were analysed with χ^2^ (chi-square) test. Spearman correlation was used to examine correlations. If the *p*-values were ≤ 0.05, it was considered significant. The statistical analysis was achieved using the SPPS^®^ program for Microsoft Windows 7^®^.

Results {#sec4}
=======

This study included 180 subjects, 120 psoriatic patients (65 males and 55 females) with age ranging from 19 to 60 years and 60 normal subjects (32 males and 28 females) with age ranging from 21 to 58 years as a control group. Diabetes mellitus (DM) was diagnosed in 39 psoriatic patients and 8 in the control group of all the participants, and these diabetic patients were under oral hypoglycaemic therapy. Their demographic, clinical and laboratory data are presented in [Table 1](#t0001){ref-type="table"}.

###### 

Demographic, clinical and laboratory data of psoriatic patients and controls involved in this study

  Variables                       Patients (*n* = 120)   Controls (*n* = 60)   *P*-value
  ------------------------------- ---------------------- --------------------- -------------------------------------------
  Age \[years\]                   42.7 ±12.1             37.8 ±9.7             0.06
  Sex:                            0\. 916                                      
   Male                           65                     32                    
   Female                         55                     28                    
  BMI \[kg/m^2^\]                 28.0 ±5.1              25.2 ±4.5             0.014[\*](#tf1-1){ref-type="table-fn"}
  WC \[inch\]                     39.6 ±4.6              35.8 ±4.1             \< 0.001[\*](#tf1-1){ref-type="table-fn"}
  Systolic BP \[mm Hg\]           128.6 ±17.4            111 ±16.9             \< 0.001[\*](#tf1-1){ref-type="table-fn"}
  Diastolic BP \[mm Hg\]          81.6 ±8.9              73.7 ±10              \< 0.001[\*](#tf1-1){ref-type="table-fn"}
  FBS \[mg/dl\]                   127.4 ±59.3            96.3 ±8.8             0.001[\*](#tf1-1){ref-type="table-fn"}
  S. Ch \[mg/dl\]                 178.3 ±28.5            176.2 ±28.8           0.751
  S. TG \[mg/dl\]                 75 ±22.4               74.6 ±15              0.918
  HDL \[mg/dl\]                   44.6 ±7.9              44.7 ±7.9             0.956
  LDL \[mg/dl\]                   117.7 ±25.4            114.4 ±24.2           0.566
  Metabolic syndrome (yes/no)     45/75                  12/48                 0.0173[\*](#tf1-1){ref-type="table-fn"}
  Serum ANGPTL2 \[ng/ml\]         9.54 ±10.47            4.94 ±5.14            0.025[\*](#tf1-1){ref-type="table-fn"}
  Duration of disease \[years\]   7.4 ±4.8                                     
  PASI score                      17.27 ±7.9                                   

Value data are presented as mean ± SD.

P ≤ 0.05 is significant

p \> 0.05 is non-significant. Metabolic syndrome: fulfilled/not fulfilled National Cholesterol Education Program's Adult Treatment Panel III (NCEP ATP III) revised clinical criteria for metabolic syndrome. ANGPTL2 -- angiopoietin-like protein 2, BMI -- body mass index, BP -- blood pressure, FBS -- fasting blood sugar, HDL -- high-density lipoprotein, LDL -- low-density lipoprotein, PASI -- psoriasis area and severity index, S. Ch -- serum cholesterol, S. TG -- serum triglyceride, WC -- waist circumference.

By comparison, there was no significant difference regarding age and sex between the two groups (*p* \> 0.05, [Table 1](#t0001){ref-type="table"}). Regarding physical data, mean BMI, WC, systolic and diastolic blood pressure were higher in the psoriatic patients than controls (*p* ≤ 0.05, [Table 1](#t0001){ref-type="table"}). Regarding laboratory data, both FBS and ANGPTL2 were significantly higher in patients than controls (*p* ≤ 0.05, [Table 1](#t0001){ref-type="table"}). On the other hand, there were no significant differences between patients and controls regarding serum levels of HDL, LDL, triglycerides, and cholesterol (*p* \> 0.05, [Table 1](#t0001){ref-type="table"}).

Among the psoriatic group, 45 patients fulfilled the NCEP ATP III clinical criteria to be diagnosed as having metabolic syndrome, while 12 subjects in the control group fulfilled these criteria, with a significant difference between both groups (*p* ≤ 0.05, [Table 1](#t0001){ref-type="table"}).

The serum level of ANGPTL2 was significantly higher in psoriatic patients than controls in different BMI groups (*p* ≤ 0.05, [Table 2](#t0002){ref-type="table"}). In addition, psoriatic patients suffering from DM had a higher serum level of ANGPTL2 than diabetic control participants (*p* ≤ 0.05, [Table 2](#t0002){ref-type="table"}).

###### 

Comparison of serum ANGPTL2 \[ng/ml\] levels between psoriatic patients and controls regarding different BMI and DM

  Paramater                                   Psoriatic patients         Control                  *P*-value
  ------------------------------------------- -------------------------- ------------------------ -------------------------------------------
  BMI:                                                                                            
   Underweight (BMI \< 18.5 kg/m^2^)          6.07 ±4.43 (*n =* 18)      3.32 ±2.56 (*n =* 14)    0.025[\*](#tf2-1){ref-type="table-fn"}
   Normal weight (BMI = 18.5--24.9 kg/m^2^)   7.99 ±11.95 (*n =* 24)     5.67 ±6.56 (*n =* 15)    0.007[\*](#tf2-1){ref-type="table-fn"}
   Overweight (BMI = 25--29.9 kg/m^2^)        9.45 ±11.94 (*n =* 41)     5.67 ±6.56 (*n =* 21)    0.023[\*](#tf2-1){ref-type="table-fn"}
   Obese (BMI ≥ 30 kg/m^2^)                   12.834 ±13.43 (*n =* 37)   5.92 ±6.79 (*n =* 10)    0.0178[\*](#tf2-1){ref-type="table-fn"}
  DM:                                                                                             
   Diabetic                                   12.85 ±8.43 (*n =* 39)     5.63 ±4.45 (*n =* 8)     0.042[\*](#tf2-1){ref-type="table-fn"}
   Non-diabetic                               11.75 ±7.48 (*n =* 81)     4.63 ± 3.85 (*n =* 52)   \< 0.001[\*](#tf2-1){ref-type="table-fn"}

Value data are presented as mean ± SD.

P ≤ 0.05 is significant

p \> 0.05 is non-significant. ANGPTL2 -- angiopoietin-like protein 2, BMI -- body mass index, DM -- diabetes mellitus.

Using correlation analysis in the studied participants, there were positive significant correlations between the mean serum ANGPTL2 level and BMI, WC, serum cholesterol and LDL (*p* ≤ 0.05), but not with systolic and diastolic blood pressure, FBS, serum triglycerides or HDL (*p* \> 0.05, [Table 2](#t0002){ref-type="table"}).

Analysing the psoriatic group only, there was a significant positive correlation found between the serum ANGPTL2 level and PASI score ([Figure 1](#f0001){ref-type="fig"}), BMI, WC, systolic and diastolic blood pressure, serum cholesterol, LDL and metabolic syndrome (*p* \> 0.05), but not with FBS, serum triglycerides or HDL (*p* ≤ 0.05, [Table 3](#t0003){ref-type="table"}).

###### 

Correlation between the serum level of ANGPTL2 and different variables in the participants of the study

  Variable                Psoriatic patients only   All participants                                      
  ----------------------- ------------------------- ------------------------------------------- --------- -------------------------------------------
  Age                     --0.193                   0.18                                        --0.014   0.901
  BMI                     0.522                     \< 0.001[\*](#tf3-1){ref-type="table-fn"}   0.544     \< 0.001[\*](#tf3-1){ref-type="table-fn"}
  WC                      0.454                     \< 0.001[\*](#tf3-1){ref-type="table-fn"}   0.448     \< 0.001[\*](#tf3-1){ref-type="table-fn"}
  Systolic BP             0.359                     0.003[\*](#tf3-1){ref-type="table-fn"}      0.259     0.389
  Diastolic BP            0.376                     0.004[\*](#tf3-1){ref-type="table-fn"}      0.139     0.217
  FBS                     --0.062                   0.669                                       0.039     0.731
  S. Ch                   0.346                     0.014[\*](#tf3-1){ref-type="table-fn"}      0.329     0.003[\*](#tf3-1){ref-type="table-fn"}
  S. TG                   --0.113                   0.433                                       --0.118   0.298
  HDL                     --0.169                   0.241                                       --0.146   0.197
  LDL                     0.483                     \< 0.001[\*](#tf3-1){ref-type="table-fn"}   0.417     \< 0.001[\*](#tf3-1){ref-type="table-fn"}
  Metabolic syndrome      0.489                     \< 0.001[\*](#tf3-1){ref-type="table-fn"}   0.387     0.006[\*](#tf3-1){ref-type="table-fn"}
  Duration of psoriasis   --0.107                   0.46                                                  
  PASI score              0.503                     \< 0.001[\*](#tf2-1){ref-type="table-fn"}             

r -- Pearson correlation coefficient.

(P ≤ 0.05) is significant; (p \> 0.05) is non-significant.

BMI -- body mass index, BP -- blood pressure, FBS -- fasting blood sugar, HDL -- High-density lipoprotein, LDL -- Low-density lipoprotein, S. Ch -- serum cholesterol, S. TG -- serum triglyceride, WC -- waist circumference.

![Correlation between the serum level of ANGPTL2 and PASI score](PDIA-37-79225-g001){#f0001}

Analysing the psoriatic group as well, there was a significant positive correlation found between PASI score and BMI, WC, systolic and diastolic blood pressure, serum cholesterol, LDL and metabolic syndrome (*p* ≤ 0.05), but not with FBS, serum triglycerides or HDL (*p* \> 0.05, [Table 4](#t0004){ref-type="table"}).

###### 

Correlation between PASI and different variables in the psoriatic patients

  Variable              *r*       *P*-value
  --------------------- --------- -------------------------------------------
  Age                   --0.032   0.852
  Duration of disease   0.067     0.646
  BMI                   0.493     \< 0.001[\*](#tf4-1){ref-type="table-fn"}
  WC                    0.683     \< 0.001[\*](#tf4-1){ref-type="table-fn"}
  Systolic BP           0.459     0.002[\*](#tf4-1){ref-type="table-fn"}
  Diastolic BP          0.476     0.005[\*](#tf4-1){ref-type="table-fn"}
  FBS                   --0.076   0.599
  S. Ch                 0.395     0.005[\*](#tf4-1){ref-type="table-fn"}
  S. TG                 --0.221   0.123
  HDL                   0.017     0.907
  LDL                   0.47      \< 0.001[\*](#tf4-1){ref-type="table-fn"}
  Metabolic syndrome    0.389     \< 0.001[\*](#tf4-1){ref-type="table-fn"}

r -- Pearson correlation coefficient.

P ≤ 0.05 is significant; p \> 0.05 is non-significant.

BMI -- body mass index, BP -- blood pressure, FBS -- fasting blood sugar, HDL -- high-density lipoprotein, LDL -- low-density lipoprotein, PASI -- psoriasis area and severity index, S. Ch -- serum cholesterol, S. TG -- serum triglyceride, WC -- waist circumference.

Discussion {#sec5}
==========

Angiopoietin-like protein-2 (ANGPTL2) is a secretory glycoprotein \[[@cit0015]\], primarily secreted from adipose tissues with a higher expression detected in obesity and obesity-related pathological diseases \[[@cit0016]\]. The inflammatory role of ANGPTL2 in adipose tissue is through the recruitment of macrophages and inflammatory vascular remodelling \[[@cit0009]\]. In an experimental study, epidermis-specific ANGPTL2-transgenic mice had an adherent leukocyte increment in enlarged vessels and increased permeability of the skin \[[@cit0017]\], which is similar to the vascular changes seen in psoriasis pathologically \[[@cit0018]\]. In addition to adipocytes, several cells that are involved in psoriasis pathogenesis can secrete ANGPTL2, such as macrophages \[[@cit0019]\], keratinocytes \[[@cit0008]\] and endothelial cells \[[@cit0020]\].

The results of this study revealed that serum ANGPTL2 is elevated in psoriatic patients than controls, and significant correlations with both psoriasis severity (PASI) and presence of metabolic syndrome, which may indicate its potential role in psoriasis pathogenesis. The main source of circulating serum ANGPTL2 is adipose tissue, and an increase was observed in obesity, systemic insulin resistance and low-grade systemic inflammation \[[@cit0017]\], which is usually seen in psoriasis \[[@cit0003]\].

Psoriasis is a complex chronic inflammatory dermatological disease and can be considered as a systemic and not only skin disorder \[[@cit0021]\]. As shown in this study, psoriatic patients had a higher BMI than normal subjects; this could be explained by the role of adipokines, which appear in both psoriasis and obesity \[[@cit0022]\] and contribute to the inflammatory state seen in chronic psoriasis \[[@cit0023]\].

Psoriatic patients in our study had a higher WC than controls, and this indicates an increase in abdominal fat. As a wide variety of soluble mediators termed 'adipokines' that play important roles in chronic inflammation, the white adipose tissue is considered as an active endocrine organ \[[@cit0024]\]. Amidst a chronic inflammatory milieu \[[@cit0025]\], psoriasis is characterized by elevation of several cytokines such as tumour necrosis factor α (TNF-α) \[[@cit0026]\], which in turn regulates ANGPTL2 mRNA expression \[[@cit0027]\]. In addition, adding obesity may act on the elevation of the ANGPTL2 serum level observed in this study.

Angiopoietin-like protein-2 can, through several pathways such as activation of the nuclear factor κB (NF-κB), induce endothelial cell inflammation, expression of proinflammatory cytokines such as interleukin-6 (IL-6) and TNF-α and adhesion molecule, which maintain a chronic inflammatory status \[[@cit0028]\], and these molecules also have roles in psoriasis pathogenesis \[[@cit0029]\].

Our results showed that metabolic syndrome is more prevalent in psoriatic patients than controls, and that is in concordance with other studies \[[@cit0030], [@cit0031]\]. Factors involved in metabolic syndrome are connected with each other, and most of them have been found to be independently associated with psoriasis \[[@cit0002]\].

This study included generalized plaque psoriasis patients only; other types of psoriasis were excluded, and the serum level of ANGPTL2 was not measured before and after any psoriasis treatment.

Conclusions {#sec6}
===========

The results of this study showed that the serum ANGPTL2 level is elevated in psoriatic patients compared to controls with positive correlations with psoriasis severity, BMI, WC, serum cholesterol LDL and presence of metabolic syndrome. It seems that ANGPTL2 has a role in the chronic inflammatory state of psoriasis and associated comorbidity. In addition, ANGPTL2 can be considered as a laboratory biomarker of both psoriasis severity and metabolic syndrome.

Conflict of interest
====================

The authors declare no conflict of interest.
